Abstract -Meloid beetles are known by their hypermetamorphic life cycle with active first instar larvae called triungulins found in most species. Most of the larvae in this family feed on provisions and immature stages of bees. The monotypic genus Meloetyphlus is associated with the nests of some orchid bee species, and some of its morphological characteristics suggest the adults live only in the host nest. In an orchid bee survey carried out in Ubatuba, São Paulo State, Brazil, 1575 specimens of 23 species of euglossine bees were collected. Of this total, 170 (10.8 %) specimens of six species, mostly males, had triungulin larvae of Meloetyphlus fuscatus attached to their bodies. The highest percentage of infestation was found in Eulaema cingulata , with 79.8 % of males carrying beetle larvae. The implications of these data are discussed, and the association of M. fuscatus with four species of orchid bees (Eufriesea dentilabris , Eulaema helvola , Eulaema seabrai and Exaerete smaragdina ) is reported for the first time.
INTRODUCTION
The family Meloidae is represented by nearly 120 genera and 2500 species distributed throughout the world except for some small oceanic islands, New Zealand and Antarctica (Pinto and Bologna 1999; Bologna and Pinto 2001; Bologna and Di Giulio 2011) . These beetles are known by their hypermetamorphic life cycle involving, in most taxa, an active and well-sclerotized first instar larva called a triungulin (Selander and Mathieu 1964; Selander 1991) . The active triungulin larvae of species of the tribes Epicautini and most Mylabrini seek out eggs of Acridoidea as a food source, but most meloid species feed on the provisions and immature stages of aculeate Hymenoptera, mostly bees (Bologna and Di Giulio 2011) . Some meloid females lay their eggs on flowers where the triungulins can easily access a bee to be transported to the host nest (Erickson et al. 1976; Packer 1987) . Others lay the eggs in the ground, and the triungulins have to locate a suitable site from which to find a host (Selander 1960) , sometimes attracting the bees through pheromone mimicry (Saul-Gershenz and Millar 2006; Vereecken and Mahé 2007) . However, in species of the genera Cissites Latreille, Hornia Riley, and Meloetyphlus Waterhouse, the eggs are placed near or inside the host nest (Bianchi 1962; Linsley et al. 1980; Garófalo et al. 2011) .
The genus Meloetyphlus is monotypic, and the single species Meloetyphlus fuscatus Waterhouse has been recorded as a parasite of different species of orchid bees (Euglossini): Eufriesea smaragdina (Perty), Eulaema cingulata (Fabricius), Eulaema meriana (Olivier), Eulaema nigrita Lepeletier, Eulaema terminata Smith and maybe Eufriesea violacea (Blanchard) and Eulaema polychroma (Mocsáry) (Horn 1928; Bennett 1965; Dodson 1966; Santos and Garófalo 1994; Peruquetti and Campos 1997; Nates-Parra and González 2000; Cameron and Ramírez 2001; Garófalo et al. 2011) . Some characteristics of adults of this species, such as the lack of compound eyes and functional wings, the weakly melanized integument, and some evidence that they may be aphagous (Selander 1965) , suggest that they remain within the host nest. Recently, the biology of the genus was studied by Garófalo et al. (2011) from nests of E. nigrita . The authors reported oviposition in the nest and no food consumption by adults, supporting the view that the adult is adapted to live within the host nest as first suggested by Selander (1965) . After emergence from the egg, the triungulin larvae disperse from the host nest by phoresy by attaching to the body of male host bees (Garófalo et al. 2011) . After leaving the nests, male bees carrying the triungulins then may transfer the parasites to females during mating thereby facilitating entry to a suitable brood cell. Thus, Eulaema males may play an important role as vectors of M. fuscatus larvae.
During a survey of orchid bees in two ecosystems of Atlantic forest in Southeastern Brazil (Rocha-Filho and Garófalo 2013), triungulin larvae of M. fuscatus were recorded from six potential host species, mainly from males of E. cingulata . The association of M. fuscatus with four species of Euglossini is presented herein for the first time, and the role of E. cingulata males as vectors of this cleptoparasitic beetle is discussed.
MATERIAL AND METHODS
Orchid bee males were sampled using scent baits monthly at two sites, 'Parque Estadual da Serra do Mar-PESM' in the Picinguaba region (44°49'-44°5 0' W and 23°21' S) and 'Parque Estadual da Ilha Anchieta-PEIA' on Anchieta Island (45°02'-45°05' W and 23°31'-23°34' S) from August 2007 to July 2009 in Ubatuba, São Paulo State, Brazil. The local climate has two distinct seasons: a hot and superhumid season from October to April and a cool and less-humid season from May to September (for details, see Rocha-Filho and Garófalo 2013) . Males and females were also observed on flowers near the study sites, and females collecting clay or resin to build their nests as well as cleptoparasitic females of seeking nests to attack were also collected. All specimens collected were stored in vials with 96 % ethyl alcohol. If triungulin larvae were recorded on a given individual, they were separated, counted, and stored in 70 % ethyl alcohol for study.
RESULTS
A total of 1575 bees of 23 species were sampled in 2 years. Of all bees recorded, 170 (10.8 %) individuals belonging to six species had triungulin larvae attached to their body: Eufriesea dentilabris (Mocsáry), E. cingulata , Eulaema helvola Moure, E. nigrita , E. seabrai Moure, and Exaerete smaragdina (Guérin) ( Table I ). The associations of triungulin larvae of M. fuscatus with E. dentilabris , E. helvola , E. seabrai , and Ex. smaragdina are reported here for the first time. Of the 170 bees with triungulins, 158 were males of E. cingulata , 115 of which had been collected in Picinguaba, the remaining 43 were sampled from the Anchieta Island. In Picinguaba, except for February 2008 when no E. cingulata male was attracted to the chemical baits, males with triungulin larvae were collected in all months of the study period. The percentage of infested males per month ranged from 0 (n =2 cases) to 100 % (n =8 cases) (Figure 1) , and the number of triungulin larvae attached to the males (n =3242 triungulins) varied from 1 to 437 (x = 27.59±62.41) (Figure 2) . On Anchieta Island, males with triungulins were found in 14 of the 24 samples with the proportion of males with triungulins ranging from 0 (n =4 cases) to 100 % (n = 9 cases) (Figure 1) , and the number of triungulins found (n =1287 triungulins) ranged from 1 to 275 (x =31.12±60.52) (Figure 2) . In both sites, a small number of males had more than 190 triungulins, but most had less than 90 attached to their bodies (Figure 2 ).
DISCUSSION
The association of M. fuscatus and Eufriesea spp. was first reported by Horn (1928) from two pairs of the cleptoparasitic beetle that emerged from a nest of Ef. smaragdina built in bamboo canes in Costa Rica. The other record was published by Peruquetti and Campos (1997) who collected specimens of Meloetyphlus from two nests of E. violacea in Brazil. However, most of the host association of M. fuscatus have been recorded from Eulaema spp. nests (Bennett 1965; Dodson 1966; Santos and Garófalo 1994 ; Nates-Parra and González 2000; Cameron and Ramírez 2001; Garófalo et al. 2011 ). In the present study, only one of the seven species of Eufriesea sampled in Ubatuba (Rocha-Filho and Garófalo 2013) was associated with M. fuscatus TS total # of bees sampled, T I total # of bees infested by triungulin larvae. whereas specimens from all four species of Eulaema recorded at the same sites had triungulin larvae of this beetle attached to their bodies. Triungulin larvae were also collected from males of Ex. smaragdina , a cleptoparasite of E. nigrita nests (Garófalo and Rozen 2001) . Considering this fact, this cleptoparasitic bee can cause mortality of host immature stages either directly by parasitizing the brood cells or indirectly by transporting the larvae of another natural enemy, the meloid. In the last case, as suggested by Garófalo et al. (2011) , the triungulin will have to seek a cell that is being provisioned and stay there until the host female finishes the provisioning and oviposit in it. Nevertheless, as occurs with triungulins being carried by Eulaema males, the triungulins must be transferred to Exaerete females during mating since the latter search for host nests to parasitize (Garófalo et al. 2011) . In spite of the low parasitism rate by M. fuscatus in E. cingulata nests, Dodson (1966) reported that several specimens of this bee species were infested by triungulin larvae. In Ubatuba, 80 % of E. cingulata males contained triungulins attached to their bodies; the highest percentage of any of the bees surveyed that were carrying the beetle larvae.
The occurrence of infested male E. cingulata throughout the study period in Picinguaba and in 14 of the 24 samples collected in Anchieta Island suggest that host nests in the study areas suffer intense parasitism by M. fuscatus . The other three Eulaema species sampled had relatively low incidences of parasitism. These differences in the percentages of infestation may be related to the abundance of males that indirectly suggests higher frequency of nesting by E. cingulata . Thus, the higher the number of nests in the area, the higher the probability that the nest will be parasitized and the parasitism will be maintained throughout generations.
As previously reported (Garófalo et al. 2011 ), the number of triungulins being carried by a male was very variable. Garófalo et al. (2011) found that the first male bees to emerge within a nest parasitized by M. fuscatus will transport the largest number of triungulins while the later males carry few. Interestingly, males of E. cingulata with the largest numbers of triungulins attached to their bodies were collected in months with the greatest abundance of males attracted to our chemical baits. This reinforces the idea that the peaks of collecting males in the field reflect the occurrence of individuals emerging from the nests established in the area.
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